Abstract. When the pipeline bursts and leaks, the make-up pumps will turn on to supple the network with water. Due to the outdoor heating network is a closed cycle, and equipped with the make-up water pumps, the hot water will leak continually under a constant pressure at the leak point, which causes thermal waste. Therefore, locating the leaky section in heating network is more and more important. In this paper, the mathematical model of a branching pipe system was established by using the graph theory and genetic algorithm. Programming calculated the flow and pressure of all pipe sections and heat exchange stations when the network is normal operation and leaky operation, respectively. And through analysis of the change law of pressure and flow, the rules of hydraulic regime changes can be obtained. Moreover, the leaky section will be found out efficiently.
Introduction
With the development of central heating industry, the cover area of city heating network is bigger and bigger, and the corresponding accidents and economic losses caused increasing. Therefore, locating the leaky pipe sections and ensuring the heating pipe network secure operation are becoming more and more urgent.
Graph theory as an extension of the disciplines of mathematics, discusses the correlation between the objects, which communicates with each other in a particular way [1] . With the emergence of high-end computers, the application of graph theory, especially the research methods of mathematical model of the network has been an unprecedented development. Milos Teodor, Alexandrescu Aurora and Dobanda Eugen presented the application of graphs theory for determining the optimal route of a pipeline supply being at the great distance of the target consumer. It applies when the distance from source to target, because the configuration of the land, there are several variants of the route passing through some mandatory points. In this way the route has n sections and on each section the total cost has a certain value [2] . Ji Shi and Fengzhou Zhang used graph theory to the design of water supply pipeline and the accessories of system were taken into calculation [3] , so the result would be more accurate. Sujuan Zheng and Xiaolin Xu applied the graph theory in decision making information system for urgent repair of urban water supply piping network, and proposed an effective scheme of valve shutdown [4] .
Genetic algorithm is applied to solute the optimization problem.For pipeline optimization problem, M.H. Afshar applied standard binary coded genetic algorithms for the solution of problems with continuous design variables requires discretization of the continuous decision variables. The method was applied to a benchmark problem of a storm water network design, and the results were compared with those of the existing method [6] .
In this paper, the heating network model is constructed by using graph theory, and improved genetic algorithm is applied to modify the model. The flow and pressure of each pipe sections and nodes are calculated when the different nodes leak, under the conditions of accident leakage rate less than the maximum supply water quantity of system. Through induction these data, the law of hydraulic regime changes of different pipe leakage can be obtained, and the leaky pipe section can be picked out. For heating pipe network, the water flow state is in the square resistance zone. The formula of pipe resistance coefficient is expressed to:
l is the equivalent length of pipe's local resistance (m), ρ is the density of water kg/m 3 , K is the equivalent absolute roughness of pipe, and the outdoor pipe network is estimated to be 0.5mm.
The genetic algorithm modified model
Because the equivalent absolute roughness K and the equivalent length of pipe's local resistance d l are not precise, the pipe resistance coefficient need modified. In this paper the improved genetic algorithm is applied, the algorithm flowchart is shown in Fig.1 . 
In this algorithm, the end point of genetic algorithm is taken as the starting point of the pattern search, so the result could be more accurate.
For a heating network, the genetic algorithm modified model is built: (1,2,)
Where, P ic is the pressure measuring point of heating network, P is is the pressure calculate point of heating network. S min is the minimum value of resistance characteristic coefficient, and S man is the maximum value of resistance characteristic coefficient.
Results and discussion
The experiment table can be abstracted as follow calculation model, Fig.2 .
Fig.2 The calculation model of experiment table
Because of the limited space, the leak point on section S3 was taken as an example. And the node pressure calculated by graph theory and genetic algorithm were compared. Node 12 is the constant pressure point, so it's a constant. S14 S15 S16 S12 ① ② ③ ④ ⑤ Fig.3 The change of pressure diagram
Conclusions
From Table 1 to Table 3 and Fig.3 , it is concluded that: 1) After apply the genetic algorithm, the calculation accuracy of node pressure improved. Because the resistance coefficient is derive from the experiment table, so the deviation is not big. 2) All nodes pressure decrease, except to the constant pressure point, the pressure of node 4 drops tempestuously when section S3 leaks. The pressure decrease rate between the heat source and node 4 is greater than the decrease rate between node 4 and the end of pipe network. The hydraulic gradient between the heat source and node 4 becomes steeply, and the hydraulic gradient between node 4 and the end of pipe network becomes gently. 3) When the leakage quantity increases, these trends remain unchanged, but the change range increases. When leak occurs on water supply pipe, the change of main pipe flow and pressure diagram is independent on leakage. As long as the water supplied by make-up pump meets the leakage quantity, the change trend of system hydraulic keeps on invariant. If you follow the "checklist" your paper will conform to the requirements of the publisher and facilitate a problem-free publication process.
